Study Design/Setting. Prospective cohort study in a tertiary care spine center.
Segmental lumbar hypolordosis commonly occurs from developmental degenerative disc disease and spondylolisthesis. It may also be a consequence of surgeries such as discectomy, laminectomy, or arthrodesis. Traditionally, surgical correction of such segmental lumbar hypolordosis has been via a 360°fusion, combining an anterior lumbar interbody fusion (ALIF) followed by a posterior spinal fusion (PSF) with instrumentation using pedicle-screws. The ALIF/PSF technique has been effective in restoring normal lumbar lordosis but requires the added surgical time and risks of the anterior approach. The more concerning risks of an anterior approach for ALIF include retrograde ejaculation in males, 1,2 a reported 1.7% incidence with a retroperitoneal approach, 2 ureter injury, and major vessel injury to the blood or lymphatic circulation. Traditional posterior lumbar interbody fusion (PLIF) may not recreate segmental lumbar lordosis. 3 Two recent prospective studies, though, have evaluated the effectiveness of a PLIF technique in restoring and maintaining sagittal balance in patients with spondylolisthesis up to 19 months postsurgery. 4, 5 This, however, requires a bilateral approach and necessitates dural retraction with possible risk of dural tears and neural injury. This paper reports a consecutive series of patients operated by a single surgeon, using a cantilever transforaminal lumbar interbody fusion (C-TLIF) technique). The C-TLIF technique is a microscope assisted, posterior-only unilateral approach to interbody fusion. It allows for correction of segmental lumbar hypolordosis with a single C-shaped structural allograft with emphasis on no dural or nerve root retraction to avoid the risk of nerve injury. Clinical, radiologic, and functional outcome measures are reported.
Patient Selection
All patients were operated on by the senior author (N.A.). All patients had predominant axial back pain with or without radicular lower extremity symptoms.
They had all failed conservative therapy for a minimum of 6 months, which included physical therapy, methods, epidural injections, and selective nerve root blocks. Imaging studies were consistent with degenerative disc disease with or without spondylolisthesis resulting in 1 or 2 levels of sagittal imbalance of the lumbar spine. The net effect of this imbalance typically caused a segmental hypolordosis or kyphosis. The preoperative radiographs demonstrated disc height collapse, segmental hypolordosis, and dynamic instability. Preoperative MRI showed degenerative changes, with modic endplate changes at the involved levels. Patients with multilevel disease underwent provocative discography to confirm the source of pain.
Materials and Methods
A total of 100 consecutive patients underwent a C-TLIF procedure at 124 levels from January 2002 to October 2003. All were available for review with an average of 30 months of follow-up (24 months to 3 years 9 months). There were 58 female to 42 male patients. The average age was 52 years (range, 29 -76 years). A total of 48 patients had prior surgery at the index level. Sixteen had the procedure done at an adjacent level to a previous fusion, and 32 were done at L5-S1 with 42 at L4 -L5 and 26 at L3-L4. There were 76 single-level and 24 two-level fusions. Only 1 patient was a smoker and 1 other patient was a compensation case.
Clinical and functional outcome was evaluated using the Visual Analog Pain Scale, Oswestry Disablity Index (ODI) Questionnaire, Treatment Intensity Score (TIS) Questionnaire, and SF-36 Health Survey. These were collected prospectively preoperative and at 4 weeks, 3 months, 6 months, 1 year, 2 year, and 3 year intervals. The TIS Questionnaire (Figure 1 ) was administered to objectively document the amount of treatment patients were receiving postsurgery. It consists of 5 questions with 6 choices each. The maximum score is 25, with the minimum 0. The questionnaire objectively quantifies the basic postoperative treatment received by each patient and assigns a score at follow-up. 6 The self-administered questionnaires and radiographic data were scored and tabulated in a database. Patients were asked to rate the surgery as excellent, good, fair, or poor and whether they would recommend the surgery to another patient or friend. Student's t test was used for statistical analysis with significance set at P ϭ 0.05.
Operative Technique. The patients were placed on the OSI Jackson radiolucent operating table in the prone position. Fiftysix patients had a midline incision to enable decompression of their central stenosis, followed by the C-TLIF. The remaining 44 had bilateral minimally invasive paraspinal approaches through a tubular retractor system. All the later patients had predominantly unilateral radicular symptoms with foraminal or lateral recess stenosis.
When using a tubular retractor system a guidewire was inserted using anteroposterior and lateral fluoroscopy to localize the correct pars articularis via a parasagittal Wiltze approach for the C-TLIF procedure. Using a sharp knife-blade, the entry point of the guidewire through the skin was enlarged just enough to accommodate the Quadrant Retractor System (Medtronics Sofmor Danek, Memphis, TN) or the MaxAcess Retractor System (Nuvasive, San Diego, CA). All procedures were done through this a minimal incision approach of about 4 cm. An initial dilator was slid over the guidewire down to the pars. Sequentially larger diameter, cannulated dilators were introduced. The retractor blades were then inserted over the largest dilator. All inner dilators were removed from the wound. The final position of the retractor centered over the pars was confirmed and then opened in a cranialcaudal direction to allow visualization of the articular processes cranially and caudally.
The rest of the procedure was done under an operative microscope. Once the exposure was acceptable, the inferior articular process was removed using a 1 ⁄4 inch osteotome and mallet. The remaining superior facet was trimmed even to the pedicle on both the cranial and medial aspects. All local bone resected was harvested for use as autograft. The bone dust created with the high-speed drill during decompression was collected and stored separately from the bone pieces removed with Kerrison rongeurs. The ligamentum flavum was not removed if there was no central stenosis. The traversing nerve root was similarly not exposed, maintaining the vascular sleeve and fat over the exiting nerve. Instead, a soft tissue plane was developed along the superior border of the pedicle deep to the floor of the foramen and slightly medial to visualize the floor of the spinal canal. This soft tissue plane was advanced in a cranial direction until access to the disc space is obtained.
At this time, the superior lip of the inferior vertebral body was osteotomized and this expanded the access to the disc and moved the working zone away from the exiting nerve, which was left untouched in the superior part of the transforaminal zone. A radical discectomy was then performed using TLIF instrumentation including box curettes, pituitaries, and Kerrison rongeurs. Care was taken to prevent compression or injury to the cranial wad of soft tissue containing the exiting nerve root. The Synthes TLIF Interbody Trial Spacers (Synthes, Paoli, PA) were sequentially malleted into place progressively increasing in size until the appropriate size was determined by clinical judgment and radiographic assessment. Final allograft placement of the Synthes Precut Machined TLIF Femoral Interbody Allograft (Synthes) was as far anterior as possible under the anterior cortical apophyseal ring. Fluoroscopy was used to verify allograft placement and overall sagittal lumbar lordosis. Increasing degrees of lumbar lordosis was often obtained by sequentially increasing the vertical height of the implant during the trial sizing and malleting the trial spacer far anterior under the cortical apophyseal ring. In the first 15 patients, this step was followed by packing the middle column with posterior iliac crest autograft harvested separately.
In the last 85 patients, one half of a medium InFuse Kit (Medtronics Sofamor Danek), containing 2 collagen sponges and recombinant BMP-2 (rh-BMP-2), was placed anterior to the allograft interbody implant against the anterior longitudinal implant (Figure 2 ). The C-shaped Synthes Precut Machined TLIF Femoral Interbody Allograft (Synthes) was then placed anteriorly across the disc space under direct fluoroscopic control. The bone dust obtained as local autograft was then packed behind the machined allograft bone, augmented with Grafton putty (Osteotech). This was packed tight within the middle column.
The ipsilateral pedicle screws (Synthes Clik-X system, Synthes) were then placed using anatomic and fluoroscopic guidance on anteroposterior and lateral views ( Figure 3 ). In cases of 2-level TLIF, the adjacent level was performed using the same technique described above. On the opposite side, pedicle screws were similarly placed. In no patient did the screws have to be inserted before placement of allograft. Radical discectomy allowed for sufficient mobilization of the disc space with consequent ability to insert the structural allograft.
The facet joint on the opposite side was then meticulously prepared with decortication of the pars and superior facet and transverse processes for fusion. The remaining one half of a medium InFuse Kit (Medtronics Sofamor Danek) sponge was then placed on either side in the posterolateral gutter. The sponges were prepared as directed by the manufacturer with local autograft bone rolled within, creating a "burrito." Local autograft was also packed in the posterolateral gutters and in the facet joint.
In the minimally invasive cases, pedicle screws on the contralateral side were placed using the metrix tubular retractor system and Quadrant Retractor. Localization was verified using fluoroscopy. Fusion of the facet joint was done under direct vision along with posterolateral fusion. Local bone was then used augmented with recombinant BMP-2 (rh-BMP-2) for fusion.
Results
The average blood loss was 300 mL (range, 100 -600 mL). The average length of stay was 2.2 days (range, 1-5 days) Pain scores reduced from 9 (range, 6 -10) preoperative to 3 (range, 0 -6) at final follow-up (P Ͻ 0.05). ODI scores also were significantly reduced from 35 to 12(P Ͻ 0.05). The Treatment Intensity Score (TIS) reduced from 21/25 to 2/25 (P Ͻ 0.05). The improvement in SF-36 PCS and MCS scores at follow-up did not show statistical significance, but they did show an increasing trend to improvement. Patients' self-rated their outcome success by choosing excellent, good, fair, or poor. Sixty-nine patients rated the surgery as excellent, 23 good, 7 fair, and 1 poor. Of 100 patients, 97 were satisfied with their outcome and would recommend the surgery. All 97 patients had improvement in their radicular pain and there were no incidents of dural tears, neural injury, or neuropathic pain after surgery. Three patients had an increase in their radicular pain on the same side as the C-TLIF. This pain started at 10 days, was intense, and persisted for 2 weeks, after which it completely subsided. At final follow-up, they had no radicular pain or paresthesia.
It is to be noted that subsequent to this series, that is being reported, 2 patients have had incidental dural tears with this technique. Both patients had severe central stenosis and the incidental durotomy occurred during the decompressive procedure. Both tears were uneventfully repaired and patient recovered without any adverse effects. One further patient has developed neuropathic new onset L5 radiculopathy after an L5-S1 C-TLIF procedure. This had led to modifying the technique at L5-S1 where today a wide laminotomy is performed, rather than an inferior facetectomy. This preserves the pars interarticularis and thereby protects the L5 nerve.
Restoration of segmental intervertebral angles, as well as anterior and posterior disc heights, was measured using preoperative and postoperative standing radiographs. A significant improvement in segmental sagittal lordosis was measured from 2°before surgery to 9°at final follow-up (P Ͻ 0.05). The anterior disc height was increased from 6 mm to 14 mm (P Ͻ 0.05) with the posterior disc height increased from 4 mm to 8 mm (P Ͻ 0.05). There were no cases of subsidence, no misplaced screws, and no instrumentation failures. Solid fusion was obtained in 99 of the 100 patients and was determined using standing anteroposterior and lateral flexion-extension radiographs, with CT scans when necessary. Posterior and posterolateral fusion was graded using the Lenke criteria 7 with TLIF graft incorporation evaluated using the criteria described by Brantigan and Steffee. 8 As per the Lenke criteria, 13 patients were radiologically graded as Grade A, 52 Grade B, 27 Grade C, and 8 Grade D. The interbody fusion showed 99% solid fusion. If the patients were showing a consistent improvement on follow-up, radiographs were used to assess fusion. When there was doubt on radiographs or clinically if there was any doubt, then thin cut CT scans were obtained to confirm fusion. Twenty-two patients had postoperative CT scans and all showed solid bridging fusion except for 1 patient. This patient was the eighth patient in the series and underwent surgery before the use of RhBMP-2 (Infuse, Medtronics, Memphis, TN) to augment the fusion. He chose not to have any further intervention and was last seen at the 24-month follow-up with fusion still questionable both posteriorly and in the interbody space. He also has rated the surgery as poor and is dissatisfied.
Discussion
The C-TLIF procedure offers an attractive treatment alternative in patients with degenerative disc disease and segmental lumbar hypolordosis as compared with the combined anterior-posterior approaches for spinal fusion. Although the combined procedure has been effective in obtaining and maintaining correction of lumbar lordosis, 9, 10 the potential risks associated with the additional anterior approach have to be considered carefully. 1, 2, 11 This is especially true in males because of the risk of retrograde ejaculation. The risk of retrograde ejaculation has been reported as high as 13.3% with the transperitoneal and 1.7% with the retroperitoneal approaches. 2 This was a multicenter, prospective study of 146 male patients who underwent a single-level L4 -L5 or L5-S1 fusion using a threaded titanium cage. Additional complications with the anterior approach include major vascular injury, ureter injury, and lymphatic injury with resultant lymphocele or chronic lower extremity edema. 11, 12 The overall complication rate secondary to the approach is 38% in some retrospective studies. 12 Furthermore, the anterior surgical complication rates increase in revision abdominal surgeries. The posterior-only approach offers an alternative that avoids these potential complications.
In comparison to the ALIF, there are several unique potential complications associated with the PLIF approaches, which are posterior-only approaches. 13 Scaduto et al 14 reported approach-related complications of threaded interbody devices. The relative risk of having a perioperative complication was 4.75 times higher for the PLIF group compared with the ALIF group. The relative risk of having a major postoperative complication was 6.8 times higher in the PLIF group than the ALIF group. Anterior approached patients tended to have visceral (ileus, 6%) and vascular (deep venous thrombosis, 2%) complications. In the posterior group, complications were neurologic and dura related (pseudomeningocele, 16%; epidural hematoma, 3%) and occurred most frequently in patients that had had previous posterior lumbar surgery (31% with major complication).
14 The PLIF procedure typically requires dural sac and nerve root retraction. Chen et al 15 reported that intraoperative complications mainly included dural tear (4 patients, 3.4%), nerve root injury (3 patients, 2.5%), and suboptimal cage position (9 patients, 7.5%). No death was caused by the operation. Postoperative complications chiefly consisted of cage retropulsion (3 patients, 2.5%), cage subsidence (4 patients, 3.4%), and postlaminectomy arachnoiditis (2 patients, 1.7%). Other reports have cited traction or contusion injury to the exiting nerve root, disturbance of the dorsal root ganglion, or dural injury following PLIF surgeries. 16 The TLIF approach has become popular and reports of excellent to good results have been reported. 16 -20 The approach is through a unilateral laminotomy. However, an inferior facetectomy at the level of the fusion along with osteotomy of the superior lip of the inferior vertebral body gives increases exposure for disc space preparation and interbody device implantation. In the C-TLIF technique moving the working zone away from the neural structures helps avoid retraction of the dura or nerve root. This combined with the increased visualization offered through a microscope allows for safer access in avoiding the neural structures. This is reflected in the absence of any neural injuries or dural tears in our study. Salehi et al 21 reported 1 of the 10 (10%) TLIF patients undergoing revision surgery experienced a complication (dural tear), and 2 of 24 (8% patients who did not have any prior spine surgery experienced complications (pseudomeningocele and transient L5 paresis). The authors described their technique but did not mention whether the nerve was retracted during disc space preparation or graft implantation. Despite the reported complications, there were no permanent neurologic complications, which suggest that TLIF is a safe procedure performed to obtain a 360°fusion. Furthermore, a solid fusion was achieved in 22 of 24 patients undergoing TLIF. This study did not look at sagittal balance in so far as the outcomes.
The additional bony resection of the inferior facet does not adversely affect fusion rates and maintenance of lumbar lordosis as shown in this study. Ninety-nine percent of the patients in the present study achieved a bony fusion with lumbar lordosis restored and maintained at an average of 30 months after surgery. It is interesting that the 1 patient who developed a pseudarthroses was early in the series and RhBMP2 (Infuse, Medtronics) was not used. Mumameni et al 22 have reported the use of rhBMP-2 as safe in TLIF when the sponges are placed away from the dura mater, and BMP promoted a more rapid fusion than iliac crest autograft alone. Only 65 of the patients (65%) showed solid radiologic fusion of the posterior elements. This was probably secondary to stress shielding from a robust interbody fusion.
Achievement of optimal sagittal alignment is one of the goals in fusion surgery, although the ideal postfusion sagittal plane contour of the lumbar spine has yet to be fully defined. 23 It is well known that hypolordosis in the lumbar spine is associated with back pain and early muscle fatigue symptomatology. 24, 25 Sagittal imbalance could lead to progressive failure of dynamic and static stabilizers of the spine, resulting in pain and decreased function in the patient. A decrease in spine sagittal curvature indexes following fusion increases the probability of accelerated decompensation above and below the fusion level. 24 One study examined the biomechanical effects of postoperative hypolordosis following instrumented fusions and found an increase in stress across the posterior instrumentation and increases the loading strain on adjacent vertebrae in a cadaveric study. 26 In our study, there was statistically significant improvement in the segmental intervertebral lordosis from 2°to 9°. It has been reported that implants, when appropriately sized and placed anteriorly with intervertebral space, enable restoration of normal lumbar lordosis. 9 While previous reports on the PLIF procedure have suggested some success in maintaining segmental lumbar lordosis, 4, 5 this approach comes with increased risk of injury to the nerve root. 16, 21 Brantigan and Neidre 27 achievement of normal sagittal plane alignment using a wedged carbon fiber reinforced polymer fusion cage in treatment of spondylolisthesis. In order to maintain lordosis, a wedge-shaped graft was inserted in a PLIF procedure, and this necessitates insertion of the broader end of the interbody device first. This requires greater nerve root and dural retraction and possible injury to the neural structures. With the C-TLIF procedure, the placement of the bullet nosed C-shaped graft anteriorly under the anterior cortical apophyseal ring allows for recreation of lordosis without retraction of the exiting nerve or dura. This reflects in the lower incidence of nerve and dural injuries in our study. Placement of the cortical allograft anteriorly under the apophyseal ring reflects in the lack of subsidence found in our series. Further anterior cortical allograft placement with posterior pedicle screw placement in compression did not reflect in a decrease in posterior foraminal height. The disc height was increased with the TLIF procedure with an average of 8 mm anteriorly and 4 mm posteriorly.
The cost of such a fusion is more expensive than traditional instrumented autograft fusion with no bone expanders. We think that the 100% fusion rate with RhBMP2 and the 97% patient satisfaction with lack of bone donor site morbidity justifies the cost. The only pseudarthrosis was in the patient without RhBMP2. The machined structural allograft interbody implant also allows for accurate sizing and placement of graft, characteristics we think are important in creating and maintaining lordosis.
Forty-eight patients had previous surgery at the operative level. The typical scarring with postoperative fibrosis and adhesions that occurs following spinal decompression surgery creates some challenges with a revision surgery. Indeed, the risk for complications arising from dural or nerve root retraction are more probable in revision cases. 16 Again, we think that a technique that emphasizes minimal to no dural or nerve root retraction helps in minimizing these complications.
Conclusion
The C-TLIF technique has been shown in our study to be safe and effective in patients with discogenic back pain or instability, even in revision cases. In the present study, there were no instances of dural tear or neural injuries. As a part of our surgical technique, we emphasize no nerve root retraction. We have found that, by completing an inferior facetectomy and decompression of the lateral recess to the border of the inferior pedicle, combined with an osteotomy of the superior lip of the inferior vertebral body, adequate exposure is gained for interbody preparation and graft implantation. Maintaining the working zone inferiorly close to the pedicle and away from the exiting root seems to reflect favorably in a decreased incidence of nerve or dural injuries. Anterior cortical allograft implantation under the apophyseal ring with middle column grafting and posterior pedicle screw compression and stabilization seems to reflect in no subsidence, 99% fusion with maintenance, and correction of segmental sagittal lordosis. Patient satisfaction is maintained at 97% beyond 2 years.
Key Points
• Lordosis was created with the cantilever TLIF by anterior placement of structural allograft followed by middle column grafting.
• Fusion rate was 100% using RhBMP2 and structural allograft with the C-TLIF technique.
• Avoiding dural and nerve retraction may reflect on lower incidence of dural tears and nerve injuries.
